Abstract. Argus Energy (formerly Pen Coal Corporation) has been conducting spring and fall seasonal monitoring of water chemistry and benthic macroinvertebrates since 1995 on the Trough Fork watershed to determine the longterm downstream impacts of mining operations.
Background
As part of the AWater Quality Improvement Plan@, Argus Energy began an extensive benthic macroinvertebrate monitoring program in both affected and proposed mining watersheds during the Fall of 1995. The Trough Fork watershed was undisturbed at that time, but mining was projected for the area, therefore Trough Fork was included in that monitoring program. This monitoring has continued each spring and fall since that time. Active mining beginning with pond construction started in Vance Branch during January 1996 with initial valley fill construction taking place during Since 1995, Argus Energy has continued to increase the number of monitoring points, and has added intensive macroinvertebrate and fish evaluations at many of their locations. Also, benthic macroinvertebrate biomass data has been examined for these two long-term monitoring points on Trough Fork. Currently, Argus Energy is monitoring about 38 sites on 11 streams, bi-yearly for benthic macroinvertebrates and water chemistry, and has sampled several sediment control structures for benthic macroinvertebrates, water chemistry, and amphibians. The purpose of this paper is to present some of this long-term data collected at two locations on Trough Fork from the pre-mining status, through active mining and valley fill construction years, and into the post-mining years.
Surface Impacts
Trough Fork is located in Wayne County, West Virginia, and is a third-order stream at the areas sampled ( confluence with Sugarcamp Branch (Fig. 2) 
Results

Water Chemistry
From Tables 1A and 1B, In general, except for the October spikes, levels of many water quality parameters have remained relatively unchanged at the Upstream site since pre-mining samples were collected in October 1995. (Tables 1A and 1B) . These include conductivity, TDS, hardness, alkalinity, sulfates, sodium, calcium, and magnesium. The parameters which have exhibited dramatic increases at the 
Benthic Macroinvertebrates
From Tables 2A and 2B one can see that the Upstream site contained more individuals on 8 out of 16 sampling events, and contained more taxa on 11 out of 16 sampling events ( Fig. 7 and 8 ). It is interesting to note that the two stations were fairly similar in abundance and diversity during premining of 1995 and through the early mining phase of 1996 -1997, but have become quite different during the late mining phase and post-mining phase of 2000. During the post-mining era, the Upstream station has contained more individuals and more taxa than the Downstream site. There may have been a decreasing trend in total numbers of individuals collected at both sites from the post-mining era. There, however, does not appear to be a trend in number of taxa collected ( Fig. 7 and 8).
Since post-mining, the number of Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa has been less at the Downstream site compared to the Upstream site. Pre-mining and active mining phases Upstream site has contained a greater proportion of mayflies per site in 13 out of 16 sampling events (Tables 3A and 3B ; Fig. 10 ). The very low percentage of mayflies noted at both sites during April 1999 was due to the drought. Other than the poorer water quality conditions (increases in conductivity, TDS, and sulfates in October) at the Upstream site compared to the mid 1990's, there is no explanation for the decrease in mayflies at the Upstream site (Fig. 3 -5) . Percentages of the Dipteran, Chironomidae, have been very sporadic at both sites, and are currently not considerably different than those seen during the pre-mining era (Fig. 11) (Table 5 ). Scores originally were higher at the Downstream site during premining, have alternated during active mining, and are currently higher at the Downstream site (Fig. 12) . No obvious trends are seen in regards to the WV-SCI score over time, but dips in the score were noted during the drought seasons, when percentages of Chironomidae were highest. Benthic macroinvertebrate communities at both sites contained relatively even proportions of sensitive, facultative, and tolerant individuals during the pre-mining and early mining phases (Table 4A and 4B). High percentages of tolerant individuals (Chironomidae and Oligochaeta)
were noted at both stations during the drought seasons of Fall 1998 and Spring 1999. The
Upstream community is currently fairly similar to the pre-mining era, but the Downstream community is more facultative, and less sensitive than it was during the pre-mining and early mining phase ( Fig. 13 and 14) . Upstream  78  71  74  89  75  83  89  70  47  57  72  68  91  88  75  73   Downstream 71  54  74  69  84  60  56  59  54  41  82  60  80  83  89  79 Since the WV-SCI score is widely used by state regulators, and is an accurate measure of a stream=s biotic condition, it was plotted against a few of the water quality parameters which have shown to have changed over time at these sites. WV-SCI scores were plotted against conductivity (Fig. 15) , sulfates (Fig. 16) , and total aluminum (Fig. 17) . No trends or relationships were obvious.
All sampling dates at both the Upstream and Downstream sites were included in these plots. Many other comparative plots were evaluated, but did not present direct relationships. However, a scatter plot of conductivity VS percent mayflies did show some relationship, where as conductivity increased, the percent contribution of mayflies decreased (Fig. 18) . 
Discussion & Conclusions
One of the most dramatic changes in water quality has been the large increase in sulfate concentrations which are most likely attributed to the oxidation of sulfide bearing overburden exposed during the mining operations. Some water treatments have occurred during these operations to neutralize the acidity produced by the oxidation of pyritic overburden. The treatment chemicals utilized were calcium oxide and sodium hydroxide which most likely contributed to the dramatic increases which were also noticed in the calcium and sodium concentrations at the Downstream site. The increase in magnesium is believed to be attributed to the weathering of magnesium bearing clays. The other increases such as conductivity, TDS, hardness, and alkalinity are directly related to the previously discussed increases in sulfate, calcium, sodium, and magnesium. The increase in alkalinity (which was in the low to mid 20 mg/l at both sites during pre-mining) to levels currently between 65 and 82 mg/l would be desirable as this range should assist in providing a better buffered, and more fertile, aquatic habitat. downstream flow add to the dilution effect of elevated water quality parameters, and provide more available habitat for macroinvertebrates and fish.
As described in the Results section of this paper, the total station abundances or total number of taxa collected are not different from pre-mining conditions ( Fig. 7 and 8 ). These metrics change dramatically depending on season, and have varied considerably over time throughout the course of this study. One undeniable trend has been the decline in the percent of mayflies within both communities populations. The proportion of mayflies has reached very low levels at the Downstream station throughout the active mining and post mining phases, but may be recovering (Fig. 10) . With the increases in elevated water quality constituents, the proportions of mayflies have declined. Because water quality has also become somewhat less desirable even at the Upstream site, mayfly percentages have also declined. However, it is probable with any improvements in water quality, will come the improvement in the benthic community. Changes from communities dominated by sensitive and facultative individuals to communities dominated by more facultative and tolerant individuals are a direct result of the lower mayfly proportion.
Besides the declining mayfly populations, and subsequent community sensitivity changes, no other benthic macroinvertebrate trends have been observed. WV-SCI scores once within the Agood@ to Avery good@ ranges, are now within the Afair@ to Agood@ ranges (Fig. 12) . Lowest scores for almost all metrics were proven to be directly related to drought conditions which plagued the area during the 1999 and 2000 seasons. It is anticipated that because active surface mining has ceased within the Trough Fork watershed, that water quality will continued to gradually improve. With this improvement should follow improvements in the benthic communities. Argus Energy will continue to monitor the Trough Fork watershed through the completion of mining and reclamation activities to determine the long-term impacts that the mining operation has on the watershed.
